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ABSTRACT 

Background: 

Flexibility is an important physiological component of 
physical fitness and reduced flexibility can cause 
inefficiency in the workplace and is also a risk factor 
for low back pain. Increasing hamstring flexibility 
was reported to be an effective method for increasing 
hamstring muscle performance. 

Objective: 

To compare the effects of modified hold-relax 
proprioceptive neuromuscular facilitation stretching 
technique and static stretching on flexibility of 
hamstring muscle. 

Materials and Methods: 

In this comparative study 60 subjects were selected by 
convenience sampling and research design was 
comparative and experiment in nature. Subjects were 
selected on the basis of inclusion criteria. Subjects 
were divided into two groups, group A and group B 
allocating alternate subjects to group A and group B, 
30 in each group. Group A was treated with 
Proprioceptive Neuromuscular Facilitation with 
cryotherapy and Group B was treated with Static 
Stretching with cryotherapy. Baseline assessment was 
taken on pre stretch, post stretch and after 24 hours 
using Active Knee Extension test and Modified back 
saver sit and reach test. 


Results: 

Both the groups showed significant improvement in 
hamstring flexibility. (p<0.005).0n comparing the pre 
stretch, post stretch and after 24 hours reading within 
the Group A and Group B, there was significant 
improvement in hamstring flexibility (p<0.05). But on 
comparing both the groups, there was no significant 
difference in hamstring muscle flexibility (p>0.05). 

Conclusion: 

Thus we concluded that the Proprioceptive 
Neuromuscular Facilitation Stretching Technique and 
Static Stretching both are effective to improve 
flexibility of hamstring muscle and clinically both the 
interventions are equally effective. 

Keywords: Hamstring flexibility, Proprioceptive 
Neuromuscular Facilitation, Static stretching, 
Cryotherapy, Active Knee Extension test, Modified 
back saver sit and reach test. 

INTRODUCTION 

Muscular flexibility is an important aspect of normal 
human function. 1 It is generally defined as range of 
motion around a joint or group of joints and reflects 
the ability of the muscle tendon to elongate. It has 
long been recognized as an important component of 
physical fitness and rehabilitation and is widely 
conjectured that benefits of good flexibility include 
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reduction and prevention of injury risk and enhanced 
sports performance. 1 

Flexibility is a vital component of a physical 
conditioning program that allows the tissue to 
accommodate easily to stress, to dissipate shock 
impact and to improve efficiency of movement, thus 
minimizing or preventing injury. 2 Adequate flexibility 
is an important characteristic of physical fitness. 2 
Limited flexibility has been shown to predispose a 
person to several musculoskeletal injury and 
significantly affect a person’s level of function. 3 The 
hamstrings play a crucial role in many daily activities. 
The hamstring muscles serve many purposes in the 
body such as walking, running, jumping and most 
importantly they serve as antagonists to the 
quadriceps in deceleration of knee extension. Tight 
hamstrings can lead to injury and hamstring strains 
are amongst the most common musculotendinous 
injuries of the lower extremities. 4 

Often the term flexibility is use to refer more 
specifically to the ability of musculotendinous unit to 
elongate as a body segment or when joint moves 
through a range of motion. Maintenance of flexibility 
is an essential component of any conditioning 
program in developing its mobility, improving athletic 
performance and preventing injuries. Good flexibility 
provides relaxation, eases muscle pain, helping quick 
recovery, reducing stress, keeps the body feel loose 
and agile 5,6 as two joint muscle, the ability to produce 
effective force at the knee is influenced by the relative 
position of the other joint over which that muscle 
crosses to maintain proper balance and centre of 
gravity with shortening of hamstring muscle which 
makes it more complicated resulting in 
musculoskeletal problem of upper and lower back, 
hip, knee and foot. The hamstring balance out the 
quadriceps muscles onthe front of thigh and are 
necessary for walking and most other physical 
activities. Weak or excessively tight hamstrings can 
lead to altered biomechanics and can lead to knee or 
back injuries. Because the hamstrings are such a long 
muscle group and cross over both hip and knee joint, 
they are more prone to injury and tightness 6,7 

PNF Stretching technique was originally developed 
by Knott and Voss and Kabat, during 1940’s and 
1954’s as a means to treat neuromuscular conditions 
including polio and multiple sclerosis. 8 The term s 
‘contract relax’, ‘hold relax’ and ‘contract relax 
agonist contraction’ are most commonly referred in 


PNF stretching literature. Usually contract relax and 
hold relax represents a passive placement of target 
muscle. The target muscle is then passively moved 
into a greater position of stretch. 9 Contract relax 
agonist contraction often refers to technique that is 
similar to contract relax and hold relax except that 
following uses the static contraction of the target 
muscle, a shortening contraction of opposite muscle is 
utilised to place target muscle into a new position of 
stretch, which culminates in addition to passive 
stretch. 10 

Static stretching has been defined as a stationary 
stretch, held for a period of time, which specified 
joints are locked in a position that places the muscle 
and connective tissue at their greatest possible 
length. 11 It is a form of passive stretching in which an 
external force exerts upon the limb to move it into the 
new position. 12 This is in contrast to active 
stretching .Passive stretching resistance is normally 
achieved through the force of gravity on the limb or 
an the body weighing down on it. 13 

The principle methods of cold modalities to improve 
efficacy of stretching are by reducing muscle pain and 
muscle guarding. 4 Cryotherapy decreases nervous 
conduction velocity and consequently, pain and 
muscle spindle discharge. Applying ice prior to 
stretching optimizes improvements in flexibility, since 
the muscle reflex response and pain are considered the 
main barriers to stretching maneuvers. 3 

The hamstring muscle are commonly linked with 
movement dysfunction at the lumbar spine, pelvis and 
lower limbs, and have been coupled with low back 
pain and gait abnormality (Mok et al., 2004; Orchard 
et al.,2004; vleeming and stoeckart, 

2007).Considering the importance of hamstring 
flexibility in general and athletic population, 
maintaining the flexibility of hamstring muscle is of 
utmost importance for health care professionals and to 
achieve this goal one needs to know effective and 
efficient technique to gain hamstring flexibility. 7 

In the past, much of the literature has focused on the 
relationship between hamstring flexibility and injury 
and the most effective hamstring stretching method. 
Sullivan et al reported that no significant difference 
existed between static and proprioceptive 
neuromuscular facilitation hamstring stretching. This 
conflict with most studies that report the superiority of 
PNF stretching compared with static stretching. 14 
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METHOD 

A total of 60 subjects with hamstring muscle tightness 
were included in this study. Subjects under the 
inclusion and exclusion criteria were conveniently 
selected in the study and procedure was explained in 
detail and there after written consent form was taken 
from all the subjects. After that, assessment and 
evaluation of subject was done on first day. 
Individuals were assessed by active knee extension 
test and modified saver back sit and reach test (Pre 
treatment, immediately after stretching, after 24 hours 
).Mini mum 60 subjects were selected for the study 
and were divided into 2 groups -group A and group B 
with random allocation method, alternate subject in 
each group. 

Procedure 

Interventions of Group A 

Baseline assessments were taken using Active Knee 
Extension test and Modified back saver sit and reach 
test followed by: 

> Cryotherapy for 10 minutes followed by 3 
stretching sessions. 

> PNF with 30 seconds of stretch with hold of 10 
seconds in which 10 seconds of isometric 
contraction of hamstring muscle followed by 10 
seconds of relaxation in between the stretching 
session. 

Interventions of Group B 

Baseline assessments were taken using Active Knee 
Extension test and Modified back saver sit and reach 
test followed by: 

> Cryotherapy for 10 minutes. 

> Static stretching passively with 30 seconds of 
stretch with hold 10 seconds in between the 
stretching session. 

The Active Knee Extension Test for Measuring 
Hamstring Tightness 
Position of Patient 

The subject was asked to lie in supine position, the 
testing was done on the both extremity. 

The left lower extremity and the pelvis were strapped 
down the table to stable the pelvis and control any 
accessory movements. 

The hip and knee of the extremity being tested was 
placed into 90 degree Flexion. 


GONIOMETER ALIGNMENT 

Landmarks used to measure hip and knee range of 
motion were greater 

trochanter, lateral condyle of femur and the lateral 
malleolus which were marked by a marker. 

INSTRUCTIONS: The subject was then asked to 
extend the lower extremity as far as possible until a 
mild stretch sensation was felt. A full circle 
goniometer was then used to measure the angle of 
knee flexion .Previous research using radiography 
has established a good validity of goniometric 
measurements. 16 Three repetitions were performed 
and an average of the three was taken as the final 
reading for knee extension range of motion 
(hamstring tightness). 

Modified Back Saver Sit and Reach Test 

The procedure for the BSSR was similar to those 
described in the prudential FITNESSGRAM test 
manual (Cooper Institute for Aerobics 
Research).Subjects position will be sitting with knee 
extended. The test will be administered using a SR 
box. The participant sat opposite to SR box and fully 
extended one leg so that the sole of foot rest fully 
against that box and the other leg has to be bend so 
that the sole of other foot will rest against floor and 7- 
10cm to the side of straight knee. With the extended 
leg as straight as possible, hands on top of each other 
(tips of middle fingers parallel and even), palms 
facing down, and the participant slowly trying to 
reach forward slide the hands along the box scale as 
far as possible. Three repetitions were performed and 
an average of the three was taken as the final reading. 

STRETCHING PROCEDURES 

For Passive Stretch (Static Stretching):- 

The subjects were asked to concentrate on relaxing 
the muscles of the leg and thigh as much as possible 
while the examiner passively flexed the hip joint to 
the point of muscular restriction. 

Knee extension was gradually increased manually for 
30s; this was given thrice with rest period of 10s 
during the stretch. 

For Hold Relax PNF Stretch:- 


@ IJTSRD I Available Online @ www.ijtsrd.com I Volume - 1 I Issue - 5 


Page: 205 



International Journal of Trend in Scientific Research and Development (IJTSRD) ISSN: 2456-6470 


The subject was comfortably positioned in a supine 
lying position on a plinth with the hip flexed at 90 
degrees of flexion, and examiner then stretched the 
Hamstrings passively until the subject felt a mild 
stretch sensation and that position was held for 10 
seconds. The subjects were asked to perform maximal 
isometric contractions of the Hamstrings for 10 
seconds against the resistance of the therapist. After 
the contraction, the subjects were instructed to relax 
for 10 seconds; this was given thrice with rest period 
of 10s during the stretch. 

STATISTICAL ANALYSIS 

Unpaired t-test was used to compare the scores of 
baseline assessments between the two groups to find 
out whether the two groups were comparable or not 
and on comparing the data there was no any 
significant difference between two groups. So groups 
were comparable (p>0.05). Statistical test used for the 
analysis of scores of Active Knee Extension test and 
Modified saver back sit and reach test by using 
Repeated ANOVA test and Tukey’s method within 
the group and between the groups respectively. 


INTERPRETATION: 


Table l.Comparison of Age between Group A and 
Group B 


GRAPH -1 


COMPARISON BETWEEN THE GROUPS 



Group A AGE Group B 


Table 2: Comparison of Gender between Group A 
and Group B 



Gender 

r requency y /c) 

Group A 

Group B 

Male% 

43.3 

46.7 

Female % 

56.7 

53.3 

Male 

13.00 

14.00 

Female 

17.00 

16.00 



Comparison 

Unpaired T Test 

AGE 


Group A 

Group B 

Mean 

21.80 

22.07 

S.D. 

1.270 

1.946 

Unpaired T Test 

0.628 

P value 

>0.05 

Result 

Not-Significant 


GENDER DISTRIBUTION 



GRAPH-2 
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Table 3: Comparison of Active Knee Extension test within Group A 


• 

Group A 

Repeated ANOVA 

AKE TEST 


PRE 

POST 

After 24 HOURS 

Mean 

53.03 

57.27 

55.43 

S.D. 

8.876 

8.749 

8.553 

F Test 

82.05 

P value 

<0.005 

Result 

Significant 


Comparsion within the group 



PRE POST IMMEDIATELY AFTER 

AKE TEST 24 hours 


GRAPH -3 


Table 4: Comparison of Modified back saver sit and reach test within Group A 


• 

Group A 

Repeated ANOVA 

MODIFIED BACK SAVER SIT AND REACH TEST 

PRE 

POST 

After 24 HOURS 

Mean 

7.10 

7.88 

7.51 

S.D. 

2.429 

2.399 

2.405 

F Test 

156.1 

10 

P value 

<0.005 

OOResult 

Significant 
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Comparsion within the group 



PRE POST 

MODIFIED BACK SAVER SIT AND REACH TEST 


IMMEDIATELY AFTER 24 
HOURS 


■ Mean 


■ S.D. 


GRAPH - 4 

Table 5: Comparison of Active knee extension test within Group B 


* 

GroupB 

Repeated ANOVA 

AKE TEST 

PRE 

POST 

After 24 HOURS 

Mean 

50.23 

57.73 

55.60 

S.D. 

8.846 

8.578 

8.476 

F Test 

316.97 

P value 

<0.005 

Result 

Significant 


Comparsion within the group 



PRE 


POST 

AKE TEST 


IMMEDIATELY AFTER 24 
HOURS 


■ Mean 

■ S.D. 


GRAPH- 5 
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Table 6: Comparison of Modified back saver sit and reach test within Group B 


. 


Group-B 

Repeated ANOVA 

MODIFIED BACK SAVER SIT AND REACH 
TEST 

PRE 

POST 

After 24 HOURS 

Mean 

6.49 

7.34 

7.13 

S.D. 

3.101 

3.024 

2.949 

F Test 

91.73 

P value 

<0.005 

Result 

Significant 


Comparsion within the group 



PRE 


POST 


IMMEDIATELY AFTER 24 


MODIFIED BACK SAVER SIT AND REACH TEST 


HOURS 


■ Mean 

■ S.D. 


GRAPH- 6 


Table 7: Comparison of Active Knee Extension test between the Group A & Group B 



AKE TEST 

Unpaired T Test 

PRE 

POST 

After 24 HOURS 


Group 

Group 

Group 

Group 

Group 

Group 


A 

B 

A 

B 

A 

B 

Mean 

53.03 

50.23 

57.27 

57.73 

55.43 

55.60 

S.D. 

8.876 

8.846 

8.749 

8.578 

8.553 

8.476 

Unpaired T Test 

1.224 

0.209 

0.076 

P value 

>0.05 

>0.05 

>0.05 

Result 

Not-Significant 

Not-Significant 

Not-Significant 
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Comparison Between the Groups 


57.27 57.73 


55.43 55.6 



GROUP A 

GROUP B 

GROUP A 

GROUP B 

GROUP A 

GROUP B 

PRE 

POST 

IMMEDIATELY AFTER 24 



AIKE TEST 

HOURS 


I Mean 

IS.D. 


GRAPH -7 


Table 8: Comparison of Modified back saver sit and reach test between the Group A& Group B 



MODIFIED BACK SAVER SIT AND REACH TEST 

Unpaired T Test 

PRE 

POST 

After 24 HOURS 


Group 

Group 

Group 

Group 

Group 

Group 


A 

B 

A 

B 

A 

B 

Mean 

7.10 

6.49 

7.88 

7.34 

7.51 

7.13 

S.D. 

2.429 

3.101 

2.399 

3.024 

2.405 

2.949 

Unpaired T Test 

0.848 

0.766 

0.552 

P value 

>0.05 

>0.05 

>0.05 

Result 

Not-Significant 

Not-Significant 

Not-Significant 


@ IJTSRD I Available Online @ www.ijtsrd.com I Volume - 1 I Issue - 5 


Page: 210 
































International Journal of Trend in Scientific Research and Development (IJTSRD) ISSN: 2456-6470 


Comparsion Between the Groups 



GROUP A GROUPB 
PRE 

MODIFIED BACK 34 


GROUPA GROUP B 
POST 

tVER SIT AND REACH TEST 


GROUPA 


GROUPB 


IMMEDIATELY AFTER 24 
HOURS 


Mean 

IS.D. 


GRAPH -8 


RESULTS 

Sixty subjects were selected for the study. After 
selecting, the subjects were randomly divided into two 
equal groups, group A and group B. Thirty subjects 
were taken in each group. Group A was given 
Proprioceptive Neuromuscular Stretching with 
Cryotherapy and Group B was given Static Stretching 
with Cryotherapy. Subjects were assessed by Active 
knee extension test and Modified back saver sit and 
reach test (Pre stretch, Post stretch and after 24 
hours). 

> Comparison of each component on Pre stretch. 
Post stretch and immediately after 24 hours for 
both the groups was done by using unpaired t-test 
with assuming no normality and its p-value was > 
0.05 then the results were not significant and if 
p-value was <0.05 then result were significant. 

> Table 1. Shows Comparison of Age between the 
groups that there was no significant difference 
between the Group A and B related to age 
(P>0.05) at the start of treatment. The mean age of 
Group A was 21.80+1.270. The mean age of 
Group B was 22.07 + 1.946. So, the Groups were 
comparable. 

> Table 2. Shows Frequency of males and females 
between the Group A and Group B. The number 
of males and females in group A was 13 males 
and 17 females. The number of males and females 
in group B was 14 males and 16 females. 


> Table 3. ShowsComparison of scores of AKE 
within group A (pre, post and after 24 hours of 
intervention) There was statistically significant 
improvement in flexibility of hamstring muscle 
(p<0.005) during Proprioceptive Neuromuscular 
Facilitation Stretching technique by using active 
knee extension test. 

> Table 4. ShowsComparison of scores of Modified 
back saver sit and reach test within group A (pre, 
post and after 24 hours of intervention). There was 
statistically significant improvement in flexibility 
of hamstring muscle (p<0.005) with 
Proprioceptive Neuromuscular Facilitation 
stretching technique. 

> Table 5. Shows Comparison of scores of AKE 
within group B (pre, post and after 24 hours of 
intervention).There was statistically significant 
improvement in flexibility of hamstring muscle 
(p<0.005) with Static Stretching technique 

> Table 6.ShowsComparison of scores of Modified 
back saver sit and reach test within group B 
(pre,post and after 24 hours of intervention). 
There was statistically significant improvement in 
flexibility of hamstring muscle (p<0.005) with 
Static Stretching technique. 

> Table 7. Shows Comparison of scores of AKE test 
between group A and group B(pre, post and after 
24 hours of intervention). Unpaired t-test was 
appliedto compare the AKE between group A and 
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group B on Pre stretch, Post stretch and after 24 
hours. There was no statistically significant 
difference in hamstring flexibility in between both 
the groups (P>0.05). 

> Table 8. Shows the Comparison of scores of 
Modified back saver sit and reach test between 
group A and group B(pre, post and after 24 hours 
of intervention). Unpaired t-test was applied to 
compare the scores. There was no statistically 
significant difference in hamstring flexibility in 
between both the groups (P>0.05). 

Thus the finding of our present study supports the 
Hohypothesis. There is no significant difference 
between effects of Proprioceptive Neuromuscular 
Facilitation Stretching and Static Stretching on 
flexibility of hamstring muscle. 

DISCUSSION 

Flexibility is an important physiological component of 
physical fitness and reduced flexibility can cause 
inefficiency in the workplace and is also a risk factor 
for low back pain. Increasing hamstring flexibility 
was reported to be an effective method for increasing 
hamstring muscle performance. 16 This study was 
designed to compare the effects of modified hold- 
relax proprioceptive neuromuscular facilitation 
stretching technique and static stretching on flexibility 
of hamstring muscle. 

Modified hold-relax Proprioceptive Neuromuscular 
Facilitation Stretching improves flexibility through 
relaxation of the contractile component of the 
muscles, while static stretching causes an increase in 
elasticity of the non-contractile viscoelastic 
component 15 .Thus, the study demonstrated that both 
of these mechanisms play equal roles in improving the 
flexibility of the muscles. 

The finding of study concurs with other previous 
studies that have reported similar results. Feland et 
al. had studied that contract-relax and static stretching 
similar benefits in improving flexibility 17 . Similarly, 
Gribble et al. found that static and hold-relax 
stretching were equally effective in improving 
hamstring range of motion 15 . 

Recently Lim et al. had studied similar effects of 
static and PNF stretching on hamstring muscle 
extensibility 18 . 

A possible mechanism for the improvement of 
hamstring range of motion relies on the effects of 


autogenic inhibition. Autogenic inhibition is 
contingent on the function of the Golgi tendon organs, 
which not only detect changes in length but also 
changes in tension. Tension is produced in the 
antagonists with both static and PNF hamstring 
stretching techniques. Therefore, the presence of 
autogenic inhibition would not be affected if the 
measurement technique was an active or passive 
stretch or if the training method was a static or hold- 
relax stretch 15 . 

Another possible mechanism for the increase in range 
of motion is augmentation of stretch tolerance. This is 
supported by Halbertsma et al., who reported an 
increase in hamstring flexibility in their study 6 . 
Sharma et al. reported stretching along with warming 
up is an effective way to improve hamstring 
flexibility 20 . Moreover, their participants reported an 
increase in pain tolerance at the end of study. They 
attributed the gains in flexibility to an increase in 
stretch tolerance. 

The results also suggest that a single session 
stretching does not deform tissues enough to produce 
a permanent change (i.e., a plastic deformation in the 
musculotendinous unit). Therefore, the temporary 
improvement in hamstring flexibility may be 
attributed tochanges in the elastic region caused by a 
single session of stretching 19 . 

CONCLUSION 

Thus present study concluded that the Proprioceptive 
Neuromuscular Facilitation Stretching technique and 
Static Stretching both are effective to improve 
flexibility of hamstring muscle and clinically both the 
interventions are equally effective. 

STUDY LIMITATION 

> Sample size was small. 

> Sample included only healthy young individuals 
and the result of this investigation should not be 
generalized to person outside the sample 
population. 

> The effect of the study was temporary, so 
prolonged stretching session can be carried out to 
see the effect of stretching on hamstring muscle. 

> The point of muscular restriction used for 
stretching was determined by the subject 
indicating point of resistance, but no pain and 
clinical soft tissue stretch and feel detected by 
therapist. 
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RECOMMENDATION 

> We believe that further research with more 
participants and longer follow up periods could 
help to assess the long term benefits. 

> The duration of stretching in both groups can be 
alter to check the effectiveness of treatment. 

> Other outcome measures can be added to see the 
effect on flexibility of hamstring muscle. 

> Along with stretching to maintain the flexibility of 
hamstrings the subjects can be advised home 
stretching program. 
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